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Introduction: Currently, neurological diseases has surpassed cardiovascular diseases as the primary cause of global disease burden. Among these, headache disorders are the most prevalent and have emerged as the main cause of disability in people under 50 years old in recent years. Since the release of GBD 2021, there has been no comprehensive systematic exposition on the burden of headache among individuals under 50 years old and a forecast for future burdens. This study aims to quantify the global, regional, and national burden of headache disorders among people under 50 from 1992 to 2021 and to predict future trends in order to provide policy makers with precise and effective epidemiological evidence.

Methods: This study extracted the incidence, prevalence, and DALYs data related to headache disorders in the 5–50 age group from the GBD 2021. After age-standardizing the data, we used joinpoint regression analysis and health inequity analysis to analyze the burden and temporal trend of headache disorders and predicted the future disease burden and changes based on the age-period-cohort model.

Results: By 2021, the case number of global incidence, prevalence and DALYs have increased by 35, 39, and 41%, respectively, over the past 30 years. The incidence and prevalence of tension-type headache (TTH) are significantly higher than those of migraine, but migraine causes greater health burdens. The burden is higher for female than for male. In terms of age, youth aged 25–29 years had the highest incidence in 2021, with an age-standardized rate (ASR) of 13,454.64 (95%CI, 9,546.96–18,361.36) per 100,000 population. Nationally, the highest ASR of incidence and prevalence are found in Norway, and the most damaging to health is found in Belgium. Among the five sociodemographic index (SDI) categories, the middle SDI has the highest number of cases (190 million in 2021). It is worth noting that the forecast shows that by 2046 the three indicators will reach 680 million, 2.33 billion, and 41 million, respectively, indicating that the burden of headache disorders in this age group will continue to persist.

Conclusion: Globally, the burden of headache disorders in people under 50 years of age remains significant and has not improved over the past 30 years, especially in regions with high SDI. Headache problems will continue to pose a serious public health challenge for this age group for some time to come. This study reveals the burden and distribution of headache disorders in this age group, providing important basis for governments and policymakers to accurately and effectively allocate health care resources, strengthen prevention and management strategies, and respond to this global health problem.
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1 Introduction

Headache is a temporary or permanent functional disorder of the central nervous system that is a common health problem experienced by many people throughout their lives (1, 2). Research shows that the lifetime prevalence of headache in adults is as high as 52%, making it a significant burden on individuals and society (3). Repeated attacks of headache and the constant worry about a recurrence can affect family, society, and employment, and long-term struggle with chronic headache may also increase other health risks. Due to its ability to cause disability and incur high financial costs, headache has become a serious public health challenge (4–7). The study of Waliszewska-Prosol and Echiverri et al. indicate that headaches typically onset during childhood and adolescence, rather than in adulthood as is commonly assumed (8, 9). Steiner et al. showed that headache disorders are the third cause of global disability, expressed as years lived with disability (YLDs), in the first in the 15–49 age range (10). Based on these findings, we believe that it is important to explore the problem of headache in people under 50 years of age. As the aging of the global population intensifies, this group will become the core force for addressing population structure changes. Maintaining the health of this group is of paramount importance for reducing social and economic burden and promoting social sustainable development. However, headache stigma leads to discrimination in the workplace, healthcare settings and personal relationships, as well as feelings of shame, guilt and isolation, leading to greater avoidance of seeking medical care and treatment (11). At the same time, disparities in health care, treatment opportunities, and drug availability pose important issues that need to be addressed in headache medicine (12). The unequal distribution of health resources between different regions or countries makes it difficult for certain groups to access timely and effective treatment. This imbalance not only limits the ability of patients to access appropriate care, but can also lead to worsening conditions, thereby increasing the overall socio-economic burden. Therefore, the importance of enhancing awareness of this public health problem is particularly prominent.

The GBD 2021 provides us with the latest detailed epidemiological data to help us quantify health levels and disease trends. Recent studies have only used GBD 2021 to report the burden of migraine in childbearing age women and new insights into childhood headaches (13, 14). But there is still a lack of in-depth and comprehensive discussion on the burden of headache disorders in people under 50s and future trends. This study uses the latest headache disorders data from GBD 2021 to conduct in-depth analysis of the incidence, prevalence, and DALYs of headache disorders globally, regionally, and nationally from 1992 to 2021, and predicts the trends of headache disorders in the next 25 years. We hope that this paper will raise awareness of headache disorders, provide the scientific basis for mitigating their health challenges, and assist countries and regions in formulating public health policies to reduce the increasing financial and health burden.



2 Materials and methods


2.1 Data source

This study is based on data from GBD 2021, which provides the most recent epidemiological data estimates of the burden of disease and injury for 21 GBD regions and 204 countries and territories from 1992 to 2021. All this data is accessible for free access through the Global Health Data Exchange query tool.1 The GBD 2021 disease and injury burden analysis estimated years lived with incidence, prevalence, years lived with disability (YLDs), years of life lost (YLLs) and disability-adjusted life-years (DALYs) for 371 diseases and injuries using 100,983 data sources (15). The SDI serves as an indicator of a country’s or region’s developmental status (16). The 204 countries and territories were classified into five SDI regions: low, low-middle, middle, high-middle, and high in the GBD 2021. The data obtained from GBD 2021 shows that the 204 countries and territories of GBD are divided into quartiles: high SDI (0.81–1), high SDI (0.71–0.81), middle SDI (0.62–0.71), middle and low SDI (0.77–0.62), and low SDI (0–0.47). This paper discusses the burden of headache disease in 5–49 years of age, excluding the age group less than 5 years of age, because data below 5 years of age are missing.



2.2 Case definition

In the GBD 2021, headache disorders are classified into migraine and TTH. Migraine is a disabling primary headache disorder, typically characterized by recurrent moderate or severe unilateral pulsatile headaches. The two major types are migraine without aura and migraine with aura (transient neurological symptoms). In GBD, we do not distinguish between migraine with and without aura as most epidemiological studies report on overall migraine only. The reference diagnostic criteria for migraine are from the International Classification of Headache Disorders (ICHD)-3, and when the five main criteria are met, it is migraine; TTH is characterized by a dull, non-pulsatile, diffuse, band-like (or vice-like) pain of mild to moderate intensity in the head or neck. Similar to migraine, the five diagnostic criteria of ICHD-3 must be met to be defined as TTH.



2.3 Jointpoint regression analysis

The joinpoint regression analysis is used to identify inflection points in the trend of disease changes (referred to as joinpoints) and calculate the annual percentage change (APC) between these inflection points, as well as the average annual percentage change (AAPC) over the entire period. First, a piecewise regression using a logarithmic linear model was conducted, and all potential junction points were established using the grid search method (GSM). The mean squared errors (MSE) for each possible scenario were calculated, and the junction point corresponding to the minimum MSE was selected. Subsequently, the determination of the optimal number of junction points in the segmented regression model was performed using Monte Carlo permutation tests. The maximum potential number of junction points was set at 5, while the minimum potential number was set at 0. Permutation testing began with the number of join points k = 0 and k_max = 5; if k ≠ k_max, then k = k + 1 for further testing until the model corresponding to k = k_max was identified as optimal. Finally, APC and AAPC quantifying trends from 1992 to 2021 were computed using the optimal model (17).



2.4 Analysis of health inequities

Health inequality monitoring is essential for evidence-based health planning and the enhancement of relevant policies, programs, and practices to address disparities in health distribution. In this study, we applied two standard metrics, namely the slope index of inequality and concentration index, to measure the distributive inequality of Headache disorders burden across countries. The slope index was calculated by regressing national DALYs rates across all age groups on a relative position scale associated with sociodemographic development. Additionally, the concentration index was determined by numerically integrating the area under the Lorenz concentration curve using cumulative fractions of DALYs and cumulative relative distributions of populations ranked by SDI (18, 19).



2.5 Prediction of disease burden

Utilizing a log-linear age–period–cohort model to predict the number and rates of incidence, prevalence, and DALYs globally from 2022 to 2046 based on recent trends. GBD 2021 incidence, prevalence and DALYs estimates for headache disorders and population data for each country were used as data inputs for the age-period-cohort model. In a typical age-period-cohort model, the interval between age and period must be equal, i.e., five-year age groups should be used with five-year calendar periods. Therefore, we divided the 5–49 age group into 9 age groups (5–9, 10–14, …, 45–49), the distance between the groups was 5 years. The period from 1992 to 2021 is divided into six consecutive five-year periods (1992–1996, 1997–2001, …, 2012–2016, 2017–2021), and then using the Nordpred software package implemented in R language to make predictions. It has been empirically validated for effectively projecting recent trends into the future by extrapolating the most recent 5-year observed periods using a power function to stabilize growth. Adjustments were made to the linear trend of the recent decade in the second, third, and fourth prediction periods by either attenuating or accentuating it by 25, 50, and 75%, respectively. Further details can be found elsewhere. To estimate the number of incident cases, prevalent cases, and DALYs counts for 2046, we calculated a weighted average of projected rates for the final two prediction periods and applied these rates to GBD 2017 population forecasts accessible globally in that year. For statistical analysis and visualizations, joinpoint regression software and R were employed. All statistical tests were two-sided with p-values less than 0.05 considered statistically significant (17).



2.6 Statistical analysis

Given the diverse age distribution and population represented in the GBD dataset, adjustments for changes in age structure are necessary. Therefore, the ASR per 100,000 population was calculated using the subsequent formula (20):
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where ai is the age specific rate and wi is the weight in the same age subgroup of the chosen reference standard population (in which i denotes the ith age class) and A is the upper age limit.

To quantify the changing trends in rates from 1992 to 2021, the following formula is used to calculate the AAPC (20):
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bi is the slope coefficient for the ith segment with i indexing the segments in the desired range of years, and wi is the length of each segment in the range of years.

Data cleaning, analysis, and visualization were performed using R software (version 4.3.2) in this research. The ggplot2 package was utilized for generating visual representations, and final adjustments were made using Adobe Illustrator.



2.7 Limitations

Based on GBD 2021, we reveal for the first time the global burden of headache disorders in people under 50 years of age. However, this study has several limitations. Firstly, the lower standards of health care in some less developed countries may lead to misdiagnosis and underdiagnosis, thereby underestimating the burden of disease. Secondly, the data obtained from GBD relies heavily on statistical modeling methods, as GBD collaborators employ multiple statistical models in countries where raw data is lacking. Finally, the global population ratio results used in the age-standardized calculations carry confidence intervals, which call for careful interpretation of the findings and emphasize the need for further real-world studies to validate these findings.




3 Results


3.1 Global trends of headache disorders

Globally, the case number of incidence, prevalence and DALYs of headache disorders in people under 50 years of age have increased significantly between 1992 and 2021. Surprisingly, the case number of incidence, prevalence and DALYs of headache disorders in 2021 reached 630 million, 2.09 billion and 36 million, respectively, an increase of 35, 39, and 41% compared to 1992. Trends in the burden of Headache disorders from 1992 to 2021 are shown in Figure 1. In terms of disease subtypes, the case number of the above indicators of migraine in 2021 is 80 million, 89 million, and 33 million, an increase of 32, 41, and 41% compared with 1992; The case number of TTH in 2021 will be 550 million, 1.49 billion, and 3 million, representing increases of 36, 39, and 41%. During these 30 years, the ASR of incidence, prevalence and DALYs in headache disorders showed an increasing trend, and AAPC was [0.03% (95%CI, 0.02–0.04%)], [0.04% (95%CI, 0.03–0.04%)] and [0.05% (95%CI, 0.03–0.06%)], respectively. Detailed information on age-standardized incidence, prevalence, and DALYs is shown in Table 1.

[image: Figure 1]

FIGURE 1
 The joinpoint regression analysis of global incidence, prevalence and DALYs of Headache disorders in people under 50 years of age from 1992 to 2021. (A) The joinpoint regression analysis on the case number of incidence; (B) The joinpoint regression analysis on the ASR of incidence; (C) The joinpoint regression analysis on the case number of prevalence; (D) The joinpoint regression analysis on the ASR of prevalence; (E) The joinpoint regression analysis on the case number of DALYs; (F) The joinpoint regression analysis on the ASR of DALYs.




TABLE 1 Global incidence, prevalence, and DALYs of headache disorders and subtypes under 50s and their AAPCs, 1992–2021.
[image: Table1]



3.2 Global trends of headache disorders by sex

From the perspective of gender, the case number and ASR of incidence, prevalence and DALYs are higher in females than males. In 2021, the case number of DALYs will be 22 million for females and 14 million for males. However, in the past 30 years, the above indicators have increased faster in males than in females, especially in DALYs [AAPC: 0.12%, (95%CI, 0.11–0.14%)]. While we are concerned about the burden of headache disorders in females, we cannot ignore the fact that its impact on males’ health is increasing (Table 2).



TABLE 2 Global incidence, prevalence and DALYs of headache disorders under 50s and their AAPCs by sex, 1992–2021.
[image: Table2]



3.3 Global trends of headache disorders by age

In terms of age, the ASR of incidence in nine age groups peaked in youth aged 25–29, reaching 13,130.53 (95%CI, 9,374.20–17,856.70) per 100,000 population in 1992 and 13,454.64 (95%CI, 9,566.96–18,361.36) per 100,000 population in 2021. The ASR of prevalence is highest among middle-aged adults aged 30–34, reaching 48,505.80 (95%CI, 39,703.44–58,193.50) per 100,000 population in 1992 and 48,179.13 (95%CI, 39,328.29–57,839.44) per 100,000 population in 2021. The age group with the greatest impact on health is 40–44 years old, with ASR of DALYs of 902.58 (95%CI, 211.79–1,916.90) per 100,000 population in 1992 and 908.83 (95%CI, 204.92–1,955.68) per 100,000 population in 2021 (Table 3).



TABLE 3 Global incidence, prevalence and DALYs of headache disorders under 50s and their AAPCs by age, 1992–2021.
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3.4 Global trends of headache disorders by SDI

Through scatter plots, the correlation between SDI and the ASR of headache disorders was depicted in detail. Spearman correlation analysis showed a positive correlation between ASR and SDI in patients under 50 years of age with headache disorders globally (R = 0.53 and p < 0.001, R = 0.52 and p < 0.001, R = 0.36 and p < 0.001, respectively, Figure 2). From the perspective of SDI, the highest ASR for incidence, prevalence and DALYs were observed in high SDI, with an incidence of 14,095.94 (9,548.09–19,357.44) per 100,000 population in 2021, with an prevalence of 40,567.16 (95%CI, 36,830.58–54,420.67) per 100,000 population, DALYs were 741.59 (95%CI, 124.01–1,637.27) per 100,000 population. However, in 2021, the highest case number of middle SDI was observed; Meanwhile, the growth trend of middle SDI during these three decades is the largest, namely [AAPC, 0.20% (95%CI, 0.18–0.22%)], [AAPC, 0.20% (95%CI, 0.18–0.22%)] and [AAPC, 0.18% (95%CI, 0.15–0.21%)], respectively Table 4. According to GBD 2021, we can find that the country with the highest SDI is Switzerland and the country with the lowest SDI is Somalia. We visualized the number of cases and ASR of DALYs in the two countries over the past 30 years, and found that the ASR in both countries remained relatively stable, while the number of cases in Somalia showed a substantial increase from 21,432 (95%CI, 4,622–47,796) in 1992 increased to 61,652 (95%CI, 13,528–138,025) in 2021; In Switzerland, the number of cases increased more slowly, from 36,888 (95%CI, 6,468–81,537) in 1,992–41,546 (95%CI, 7,493–91,116) in 2021 (Supplementary Figure 1).
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FIGURE 2
 The ASR of headache disorders burden for people under 50 years of age in 2021 according to the SDI. (A) Relationship between the ASR of incidence rate and SDI; (B) Relationship between the ASR of prevalence rate and SDI; (C) Relationship between the ASR of DALYs rate and SDI.




TABLE 4 Global incidence, prevalence and DALYs of headache disorders under 50 years of age and their AAPCs by SDI, 1992–2021.
[image: Table4]



3.5 Global trends of headache disorders by country

Due to differences in genetic background, climatic and socio-economic conditions, lifestyle, other disease profiles, and general health status, the burden of headaches can vary considerably in different countries of the world. We looked at the current burden of headache disorders in people under 50 years of age across countries. At the national level, Norway has the highest ASR of incidence and prevalence in 2021, at 16,157 (95%CI, 10,960–22,020) per 100,000 population and 51,420 (95%CI, 42,876–60,919) per 100,000 population; the highest ASR of DALYs were in Belgium, at 1,017 (95%CI, 124–2,293) per 100,000 population. Over the past three decades from 1992–2021, overall trends in disease burden vary widely among countries. China had the highest increase in the incidence of headache disorders [AAPC, 0.26% (95%CI, 0.19–0.32%)]. The highest increases in prevalence and DALYs occurred in Singapore, [AAPC, 0.29% (95%CI, 0.27–0.31%)] and [AAPC, 0.38% (95%CI, 0.33–0.43%), respectively] (Figure 3).

[image: Figure 3]

FIGURE 3
 Analysis of trends in the burden of headache disorders among people under 50 years of age in 204 countries and regions. (A) The ASR of incidence in 2021; (B) The AAPC of incidence from 1992 to 2021; (C) The ASR of prevalence in 2021; (D) The AAPC of prevalence from 1992 to 2021; (E) The ASR of DALYs in 2021; (F) The AAPC of DALYs from 1992 to 2021.




3.6 Global trends in subtypes of headache disorders by country

According to the GBD 2021, headache disorders can be divided into migraine and TTH. Next, the ASR of the current incidence, prevalence and DALYs of these two subtypes are analyzed at the national level. In migraine, the country with the highest ASR of the above three indicators is Belgium, 1996 (95%CI, 1,186–3,040) per 100,000 population, 25,764 (95%CI, 19,792–32,949) per 100,000 population and 944 (95%CI, 83–2,224) per 100,000 population, respectively; The country with the highest ASR of incidence and prevalence of TTH is Norway, were 14,198 (95%CI, 9,017–19,994) per 100,000 population and 39,877 (95%CI, 29,128–51,781) per 100,000 population; The highest ASR of DALYs was found in the Russian Federation, which had a DALYs of 97 (95%CI, 27–315) per 100,000 population. Detailed information on the ASR of migraine and TTH for 204 countries and territories is available in Figure 4.

[image: Figure 4]

FIGURE 4
 The burden of migraine and TTH in 2021 for people under 50 years of age was assessed in 204 countries and regions. (A) The ASR of migraine incidence in 2021; (B) The ASR of TTH incidence in 2021; (C) The ASR of migraine prevalence in 2021; (D) The ASR of TTH prevalence in 2021; (E) The ASR of migraine DALYs in 2021; (F) The ASR of TTH DALYs in 2021.




3.7 Global trends of headache disorders by regions and age

After age standardization, the data of headache disorders among people under 50 years old were disaggregated by regions and age, and it was found that the incidence of headache disorders in High-income North America, Western Europe, Eastern Europe, Central Europe and Central Asia was higher than that in other regions. The highest ASR of incidence was found in the 25–29 age group in High-income North America, reaching 18,237 (95%CI, 12,505–25,066) per 100,000 population; A similar phenomenon was observed in prevalence, with the highest ASR of prevalence observed in the 30–34 year age group in Western Europe, reaching 62,450 (95%CI, 51,981–73,490) per 100,000 population; The highest ASR of DALYs were found in the 40–44 age group in Western Europe, at 1,209 (95%CI, 284–2,584) per 100,000 population, and surprisingly, DALYs among adolescents 15–19 in Tropical Latin America were also high, reaching 1,136 (95%CI, 75–2,732) per 100,000 population (Figure 5).

[image: Figure 5]

FIGURE 5
 Assess the burden of headache disorders in people under 50 years of age in 2021 by regions and age. (A) The ASR of incidence of headache disorders in people under 50 years of age by regions and age; (B) The ASR of prevalence of headache disorders in people under 50 years of age by regions and age; (C) The ASR of DALYs of headache disorders in people under 50 years of age by regions and age.




3.8 Cross-country analysis of inequality in headache disorders

In order to better clarify the health inequities of headache disorders among countries with different SDI, we studied the absolute and relative inequalities related to DALYs and SDI in headache disorders burden, and found that these inequalities increased over time. As shown in Figure 6A, the Slope index is positive, indicating that DALYs is more common in countries with high SDI. In 1992, the difference in DALY crude rate between the highest SDI and the lowest SDI was 252 (95%CI, 209–295) per 100,000 population, slightly increased to 257 (95%CI, 215–300) per 100,000 population in 2021. As shown in Figure 6B, Concentration index is 0.06 (95%CI, 0.05–0.08) in 1992 and 0.05 (95%CI, 0.03–0.06) in 2021, both of which are positive. This indicates that DALYs are more concentrated in countries with high SDI. From 1992 to 2021, although the Concentration index has declined (from 0.06 to 0.05), it is still positive, indicating that this unhealthy concentration, while perhaps diminishing, still exists. This may reflect health inequalities on a global scale and suggest the need for further research and action to reduce such inequalities (Figure 6).

[image: Figure 6]

FIGURE 6
 Analysis of SDI-related health inequality in headache disorders in under 50s. (A) Slope index of inequality: absolute inequality of SDI-related DALYs; (B) Concentration index of inequality: relative inequality of SDI-related DALYs.




3.9 Prediction of the global burden of headache disorders by 2046

To better understand the future global burden of headache disorders among people under 50 years of age, we forecast the case number and ASR of incidence, prevalence and DALYs for headache disorders in the next 25 years based on an age-period-cohort model. From 2022 to 2046, the case number of incidence, prevalence and DALYs of headache disorders are expected to increase globally, but ASR for all three measures will remain relatively stable. Specifically, by 2046, the case number is expected to increase from 630 million in 2021 to 680 million; prevalence will increase from 2.09 billion to 2.33 billion; DALYs will increase from 36 million to nearly 41 million (Figure 7). These predictions suggest that the burden of headache disorders in people under 50 years of age will persist long into the future. Although some medical interventions and health promotion measures may be taken, the headache problem has not been effectively addressed. This means that although there may be some improvement in the short term, in the long term, the health burden of headache disorders in this age group remains high and requires further attention and new response measures.

[image: Figure 7]

FIGURE 7
 Prediction of the global burden of headache disorders in under 50s from 2022 to 2046. (A) The predicted number of cases of headache disorders incidence by 2046; (B) The predicted number of cases of headache disorders prevalence by 2046; (C) The predicted number of cases of headache disorders DALYs by 2046.





4 Discussion

This study obtained the latest data on the incidence, prevalence and DALYs of headache disorders in people under 50 years of age from 1992 to 2021 from the recently updated GBD 2021, and further provides a comprehensive assessment based on trends, disaggregation, inequality and predictive analysis. In this study, we drew the following important conclusions: the burden of headache disorders among people under 50 years of age has remained high and has not improved significantly over the past 30 years. At the same time, the distribution and trend of the burden show unique characteristics that are closely related to factors such as gender, age and regional social development level. Compared to 1992, the number of people under the age of 50 suffering from headache disorders increased by 160 million in 2021, with TTH accounting for 87% of the total. Although the number of cases of TTH is far greater than that of migraine, it is clear that migraine have a greater impact on people’s health and their financial burden. Overall, there was little change in the ASR of headache disorders and no significant increase. It shows that the global campaign to combat headache disorders—Lifting the burden, co-sponsored by the World Health Organization (WHO), the International Headache Society (IHS), the World Headache Federation (WHF) and the European Headache Federation (EHF), has played a positive role to some extent (21). Over the past two decades, headache disorders have gained widespread public health attention as a result of the “Lighting the burden” movement. The campaign effectively raised public awareness and awareness of the burden of headache disease and, in the process of implementation, effectively improved research capacity in low—and middle-income countries. It also gave us a broader picture of the burden of headaches, informing all iterations of GBD since 2010 (21). Despite advances in treatment, those advances have not been effective in reaching people with headaches, so the overall burden has not substantially improved, reflecting the continuing profound public health and socio-economic impact of the disease (22). According to the WHO, migraine alone is responsible for an estimated 25 million lost working or school days in the UK each year; This financial loss can be equivalent to TTH and chronic daily headache combined (23). Associated with this are long-standing and unaddressed barriers to care around the world, creating a huge gap between the demand for care and the actual supply. These medical deficiencies can be traced back to inadequate education. This lack of understanding has led to the treatment of pain not being prioritized, and there is clear evidence that this is the wrong approach. Such neglect is potentially harmful from a public health and economic point of view, as it can lead to significant financial pressures. Educational inadequacies hinder public awareness and thus allow this important message to be ignored (21).

Previous studies have shown that headache is more common in female, who are more likely to experience headache during periods such as menstruation, pregnancy, and menopause due to changes in hormone levels (24, 25). In addition, studies have shown that obesity may increase the risk of migraine in female (26). Our results also confirm that the burden of disease is greater in female than in male (27), but the burden of disease is increasing faster in male than in female. At the same time, males generally suffer from greater work and life stress, excessive alcohol consumption, and changes in testosterone levels can all be trigger factors for headaches (28–30). The above also reminds us that in the process of preventing and treating headache disorders, we should not only pay attention to the prevention and treatment of female headache, but also should not ignore its development in male groups. The incidence of headache peaks in young people aged 25–29 years, who face great stress in life and work, unhealthy lifestyles and prolonged use of electronic devices can trigger headaches (31). In addition, a recent large cohort study showed that migraine usually begins before the age of 18, not adulthood as previously thought (32). Our study also included the latest data on headache disorders in children and adolescents, which further supports this view by showing that a significant number of children and adolescents already have headaches. Therefore, in the prevention and treatment of diseases, children and adolescents should be a group of special concern. We also observed a positive correlation between the burden of headache disorders and SDI in people under 50 years of age, with higher levels of ASR in countries and regions with high SDI. This may be related to the greater work and life pressure faced by people in countries and regions with high SDI, as well as environmental pollution caused by economic development (33). This is also supported by trend analysis at the country level, with Norway and Belgium, as highly developed countries, having the highest ASR of incidence, prevalence and DALYs; China has developed rapidly in the past 30 years, so the incidence has increased the most during this period. From 2022 to 2046, the case number of incidence, prevalence, and DALYs in people under 50 years of age will continue to increase, while the ASR remains stable. This suggests that headache disorders will remain a major public health problem for people under 50 for the next 25 years. At present and in the future, the burden of headache disorders among people under 50 remains significant, while current health policies and prevention and control strategies have not shown significant effectiveness. The WHO reports that many people suffering from headache disorders do not receive effective treatment. For example, in the United States and the United Kingdom, only half of the patients identified as having migraine sought medical attention for their headaches in the past 12 months, and only two-thirds received the correct diagnosis. Most people only receive treatment with over-the-counter medications (23). In summary, this study suggests that headache disorders impose a significant health burden on people under 50 years of age, and that global progress in controlling headache burden over the past 30 years has been unsatisfactory. Headache disorders are not only a nuisance for some people, but also cause widespread suffering for patients and their families, and impose significant economic costs on society. Specifically, headaches may affect an individual’s daily life and work productivity, making it difficult for the patient to perform school, work, or social activities. This constant feeling of discomfort often leads to low mood and poor concentration, which further worsens the symptoms (7). Therefore, countries around the world must implement targeted interventions against the most prominent risk factors for headache in their respective contexts to prevent or slow down this growth, thereby improving the health of their populations and alleviating pressure on healthcare systems and national budgets.

It is important to note that the whole burden of headaches is entirely due to the non-fatal health outcome: in other words, years lived with disability (YLDs) match with DALYs. The YLDs for headache disorders is the average time the patient spends with that type of headache multiplied by the relevant disability weight (DW). The determination of headache DW was made through population and Internet surveys based on non-professional descriptions. But the definition of DW is still very partial in its hyper simplified description (9). Therefore, some researchers have proposed the use of patient-reported outcome measures (PROMs) to comprehensively analyze the disability of headache disorders (9). PROMs shifts from a disease-centered perspective to a patient-centered perspective, and closely analyzes the life experience of headache patients with reduced ability to perform daily activities. By translating subjective symptoms into objective scores, PROMs makes the assessment of headaches more quantifiable and standardized, making it easier for doctors and researchers to analyze and compare. But they have shown significant limitations in real-world clinical practice. The reliability of monitoring PROMS patients is not as good as expected, and choosing an ideal set of short, non-invasive tests to provide useful information is very difficult. In PROMs, patients may give different answers to the same question a few minutes apart (34). While PROMs still has some limitations, it is undeniable that it will enable the objectification of headache-related disability and inform future iterations of the GBD study (9).



5 Conclusion

This study comprehensively analyzed and evaluated the burden and prevalence of headache disorders in people under 50 years of age. Globally, the disease remains a serious public health problem for this age group. Over the past 30 years, with social development and lifestyle changes, the burden of disease has remained high and has not been significantly improved, which puts a lot of pressure on individual health and social economy. According to our results, the health damage caused by migraine is much greater than that caused by TTH. This finding suggests that the focus of medical resource allocation and mechanism research should be tilted toward migraine to ensure that patients have access to more effective treatment and management. In addition, our analysis showed that headache disorders were significantly more damaging to health in areas with high SDI and in middle-aged people aged 35–44 years than in other age groups. This phenomenon may be related to the greater occupational pressure, life burden and physiological changes faced by individuals in this age group. In areas with high SDI, people are under greater psychological and physical stress due to high economic activity, which further exacerbates the frequency and severity of headache attacks. Therefore, when formulating public health policies, special attention needs to be paid to these specific populations so that targeted interventions can be taken to improve their overall health. This study reveals the distribution characteristics of headache in geographical, age and sex dimensions, providing important epidemiological evidence for health policy makers. We hope that by rationally planning and allocating medical resources, optimizing management models, and conducting effective preventive work, the physical and mental burdens on individual patients can be alleviated, and the cost pressure faced by the entire society can be reduced. We look forward to the emergence of more targeted scientific solutions in the future, which can provide more reliable protection for alleviating headache problems among people under the age of 50.
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